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Erythrina edulis Triana ex Micheli is a protein-enriched legume traditionally used for both dietary and medicinal purposes. In this paper, protein concentrate 
was obtained from the seed flour. SDS-PAGE analysis revealed a high number and intensity of bands in the range between 10 and 90 kDa. Neutrase®, 
Flavourzyme®, and Alcalase® were used to hydrolyze the protein concentrate at different times. By SDS-PAGE, the lower resistance of proteins to Alcalase® 
action was observed, providing hydrolyzates with higher radical scavenging activity. The 120 min-hydrolyzate showed ORAC and TEAC values of 2.51 and 
0.91 mol Trolox equivalents/mg of protein, respectively. A fraction lower than 3 kDa and rich in hydrophobic and aromatic amino acids was demonstrated to 
be mainly responsible for the observed activity. E. edulis could be a new alternative in the formulation of functional foods not only for its high protein content 
but also for the potential biological properties of its hydrolyzates. 
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Free radicals exert important effects on cellular processes. 
However, their accumulation and the absence of antioxidant 
endogenous defenses that counteract their oxidative action can lead 
to oxidative stress status. Many studies have associated this status 
with the development and the progression of various chronic 
diseases such as diabetes, cancer, neurodegenerative and 
cardiovascular disorders, and aging [1]. Moreover, free radical 
mediated oxidation is of great concern in the food industry because 
of its undesirable impact on color, flavor, texture, nutritive value, 
and shelf life of food products [2]. In order to prevent foods from 
undergoing deterioration and to provide protection against chronic 
disorders, many chemicals with strong antioxidant activity are used 
as additives. However, their use in foodstuffs is restricted or 
prohibited in some countries due to their toxic and hazardous effects 
on human health [3]. Therefore, there is a growing interest in 
searching for new natural sources of antioxidant compounds with 
little or no side effects. Food components, such as phenolic 
compounds, vitamins, minerals, and proteins, have a good 
capability to scavenge free radicals, and their function as food 
antioxidants in the human body is well known [4]. 
 
Food-derived peptides are defined as specific protein fragments that 
show beneficial properties once released by in vivo digestion or in 
vitro processing [5]. A broad spectrum of biological activities, such 
as antihypertensive, antimicrobial, antioxidant, anti-inflammatory, 
anti-tumor or hypocholesterolemic have been demonstrated for 
animal and plant-derived peptides [6, 7]. Enzymatic hydrolysis has 
been recognized as an effective approach to produce food-derived 
bioactive peptides without affecting their nutritional value and 
potential for health enhancement. Numerous studies have confirmed 
the antioxidant activity of food protein hydrolyzates, acting as direct 
free radicals scavengers or behaving as antioxidants in model 
systems. These hydrolyzates and their contained peptides are being 
used in the production of functional foods or supplements for the 
management of diverse health problems [8].  
The release of antioxidant peptides has been demonstrated from 
animal sources like milk, egg, fish, and meat proteins [9-12]. 
Recently, studies have focused on the antioxidant properties of 
hydrolyzates from plant-derived proteins, including soybean, 
canola, flaxseed, and amaranth, among others [13-16]. The activity 
of those hydrolyzates has been evaluated using several in vitro 
antioxidant systems such as 2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), diphenyl-1-picryhydradzyl (DPPH) radicals 
scavenging activity, oxygen radical antioxidant capacity (ORAC), 
metal chelating, and linoleic acid oxidation inhibition. The 
antioxidant properties mainly depend on the type of native protein 
and the method applied to isolate it, specificity of the protease used 
for hydrolysis, degree of hydrolysis (DH), and peptide structure, 
molecular weight, and amino acid composition [8, 17]. 
 
Erythrina edulis Triana ex Micheli (Pajuro) is a legume with a wide 
range of uses, from the human (seeds) and animal (forage) diet to 
the recovery of nitrogen content of the soil. Moreover, this plant has 
been traditionally used because of its medicinal properties such as 
diuretic, hypotonic and osteoporosis preventive activities [18]. It 
contains a high content of protein (18-25%) with a quality superior 
to that demonstrated for other legumes and similar in quality to that 
of egg proteins [18, 19]. Moreover, it shows high digestibility [20]. 
However, to our knowledge, no data of the potential of this plant as 
a source of bioactive peptides has been reported. Therefore, the aim 
of the present study was to evaluate the ability of microbial 
proteases (Neutrase®, Flavourzyme®, and Alcalase®) to produce 
antioxidant peptides from E. edulis protein. The ABTS radical 
scavenging and ORAC activities of the hydrolyzates and the 
ultrafiltered peptide fractions were investigated to evaluate the 
influence of molecular size and amino acid composition on the 
antioxidant activity of released peptides.  
 
The proximate composition of E. edulis seed flour was analyzed, 
obtaining values of ash, fat, and fiber content of 40 g/kg, 11 g/kg, 
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and 59 g/kg, respectively. The protein content of the flour was 165 
g/kg, slightly lower than that (184 g/kg) reported by Arango Bedoya 
et al. [19]. This difference could be due to diverse factors including 
agronomic aspects of the crops, the extraction method, or the 
moisture content of the flour. The amino acid composition of the 
flour is shown in Table 1. 
 
Table 1: Amino acid composition (g/100 g of protein) of Erythrina edulis flour and 
protein concentrate  
 
Amino acid Content (g/100 g protein)  Flour Protein concentrate 
Essential   FAO 
Lys 2.6 ± 0.1 2.7 ± 0.2 5.2 
Trp n.d. n.d. 0.7 
Phe 1.7 ± 0.03 2.0 ± 0.1 4.6a 
Tyr 0.2 ± 0.03 1.6 ± 0.04  
Met 0.1 ± 0.0 0.4 ± 0.03 2.6b 
Cys 0.8 ± 0.1 0.8 ± 0.1  
Thr 1.0 ± 0.04 1.4 ± 0.1 2.7 
Leu 2.5 ± 0.1 3.7 ± 0.3 6.3 
Ile 1.1 ± 0.1 1.4 ± 0.1 3.1 
Val 1.9 ± 0.03 1.8 ± 0.1 4.2 
Non essential    
Aspc 6.5 ± 0.1 5.3 ± 0.01  
Glud 7.2 ± 0.2 13.6 ± 0.5  
Ser 2.3 ± 0.1 6.8 ± 0.2  
His 2.2 ± 0.03 1.1 ± 0.1  
Arg 0.8 ± 0.02 2.0 ± 0.1  
Ala 2.2 ± 0.01 1.7 ± 0.03  
Prol 3.1 ± 0.2 2.3 ± 0.1  
Gly 2.1 ± 0.1 2.0 ± 0.0  
 
n.d. not determined; aPhe + Tyr; bMet + Cys; cAsp + Asn; d Glu + Gln. Data are the 
mean of two determinations 
 
The analysis conditions did not allow the identification of Trp 
because of its destruction by acid hydrolysis. In the flour, Leu and 
Lys were the most abundant of the essential amino acids (EAA), 
with percentages of 2.5 ± 0.1 and 2.6 ± 0.1 g/100 g of protein, 
respectively. Asp + Asn and Glu + Gln were the most abundant 
among the non-essential amino acids (NEAA), with percentages of 
6.5 ± 0.1 and 7.2 ± 0.2 g/100 g of protein, respectively, as has been 
observed in other legumes such as pea [21]. As previously reported 
by Pérez et al. [22], E. edulis shows similar amino acids content to 
other legumes, being deficient in sulfur amino acids and Trp 
according to the Food and Agriculture Organization (FAO) 
recommendations [23].  
Preparation of pajuro protein concentrate yielded a protein content 
of 654.3 ± 21.4 g/kg, similar to that reported by Arango Bedoya et 
al. [19], thus confirming the suitability of alkaline conditions to 
extract proteins from pajuro flour. The efficiency of these 
conditions to extract proteins from other plant sources such as 
Prosopis alba has also been reported [24]. The protein pattern of the 
protein concentrate was analyzed by SDS-PAGE (Figure 1), 
revealing a high number and intensity of bands from 10 to 90 kDa. 
 
Among these bands, those corresponding to proteins with molecular 
weight of 20, 24, 29, and 55 kDa were clearly visible. Quality of 
protein is defined by two main factors: the relative proportions of 
EAA in the food in relation to human amino acid/protein 
requirements and the extent to which the dietary protein is digested, 
absorbed and made available to be used within the body to 
synthesize its own proteins [24]. Seventeen amino acids were 
detected in the pajuro protein concentrate (Table 1). The content of 
total amino acid (TAA) in pajuro protein concentrate was 50.5% 
(without the contribution of Trp that could not be detected), the 
ratio of EAA to TAA was 31%, and the EAA to NEAA was 45%. 
Although these values are lower than the protein reference pattern 
(EAA/TAA, 40%; EAA/NEAA, 60%) raised by FAO/WHO, this 
limitation can be easily overcome by including in the diet other 
protein sources rich in limiting amino acids, typically cereals. 
 
The protein profile of hydrolyzates with Neutrase®, Flavourzyme®, 
and Alcalase® at different incubation times is shown in Figure 1. It 
is interesting to note that the 20 and 24 kDa-proteins were resistant 
to the action of Neutrase® and Flavourzyme®, suggesting that these 
subunits could be in the inner part of the protein that hindered the 
enzymes from accessing them. However, these proteins were 
degraded by Alcalase® to smaller fractions (˂15 kDa) within the 
first 15 min reaction. Further hydrolysis times showed little changes 
in the protein profile. Digestion efficiency was monitored by the 
estimation of the DH (Figure 2).  
 
DH increased sharply during the initial 30 min of reaction with 
Neutrase®, reaching a value of 32.0% that remained stable during 
the following 30 min. However, a slight increase was observed in 
the last 60 min of incubation with the enzyme and the final 
hydrolysate had a DH value of 40.0%. This DH was higher than that 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: SDS-PAGE analysis of Erythrina edulis (pajuro) protein concentrate and its hydrolyzates with different enzymes at different incubation times. Lanes 1 and 17: molecular 
weight marker; lanes 2, 7, and 12: Pajuro protein concentrate; Lanes 3-6: Pajuro protein hydrolyzates with Neutrase® (PCH- Neutrase®) at 15, 30, 60, and 120 min; Lanes 8-11: 
Pajuro protein hydrolyzates with Flavourzyme® (PCH- Flavourzyme®) at 15, 30, 60, and 120 min; Lanes 13-16: Pajuro protein hydrolyzates with Alcalase® (PCH- Alcalase®) at 15, 
30, 60, and 120 min. 
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Figure 2: Degree of hydrolysis (DH) of Erythrina edulis (pajuro) protein concentrate 
during hydrolysis with Neutrase®, Flavourzyme®, and Alcalase®. Values are mean of 
two experiments. 
 
reported by Li et al. [25] for defatted Camellia oleifera seed cake 
protein hydrolyzates (21.9%) with Neutrase® over 300 min. A 
similar behavior was observed for hydrolyzates obtained by the 
action of Alcalase®, reaching a final DH value of 28.5%. This value 
was lower than that reported for Vigna unguiculata protein 
hydrolyzed with that enzyme during 90 min at the same 
enzyme/substrate (E/S) ratio (53.0%) [26], but higher than that 
reported for mung bean protein hydrolyzates (20.0%) produced with 
Alcalase® for 10 h [27]. The variation in DH observed could be due 
to the protease specificity since Alcalase® is an industrial alkaline 
protease, the main enzyme component of which presents broad 
specificity and hydrolyzes most peptide bonds [28]. The DH of 
pajuro protein hydrolyzates (PCHs) with Flavourzyme® increased 
with the incubation time reaching a final value of 42.3% after 120 
min. The higher DH observed after the action of this enzyme in 
comparison with the hydrolysis with Neutrase® and Alcalase® could 
be due to the fact that Flavourzyme® is a protease complex 
containing endoproteinases and exopeptidases and thus, presenting 
a broader specificity [26]. 
 
Currently, it is recommended to use more than one method to study 
the antioxidant activity of a substance, evaluating the different 
mechanisms of action of antioxidants under different conditions of 
the assay [29]. The antioxidant activity of the pajuro protein 
concentrate and the different PCHs was measured using two assays 
that evaluated the peroxyl (ORAC) and ABTS·+ radicals scavenger 
capacity (Figures 3A and 3B). ORAC assay measures the capacity 
of antioxidant peptide to break the chain reactions of thermally 
generated peroxyl radical from 2,2`-azobis (2-amidinopropane) 
dihydrochloride (AAPH). The ORAC values are expressed as mol 
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) 
equivs/mg of protein (Figure 3A). Proteolysis of pajuro protein with 
three enzymes considerably increased the antioxidant activity 
compared with non-hydrolyzed protein. A moderate activity was 
demonstrated for PCHs-Flavourzyme® with an ORAC value of 1.43 
mol Trolox equivs/mg of protein at the end of proteolysis. 
Similarly, rapeseed protein hydrolyzates with Flavourzyme® 
showed low ORAC values that were attributed to the release of 
large-size peptides that did not interact efficiently with the free 
radical [30]. In our study, SDS-PAGE analysis revealed the 
presence of proteins and polypeptides in PCHs-Flavourzyme® 
because of the resistance of pajuro proteins to the action of this 
enzyme. However, the PCHs-Neutrase® and PCHs-Alcalase® after 
120 min showed higher antioxidant activity with ORAC values of 
2.54 mol Trolox equivs/mg of protein and 2.51 mol Trolox 
equivs/mg of protein, respectively, with no significant differences 
among  them.  In  the  case  of  Alcalase® treatment,  peroxyl radical  
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Figure 3: (A) ORAC and (B) ABTS•+ radical scavenging activity (expressed as mol Trolox 
equivs/mg of protein) of Erythrina edulis (pajuro) protein concentrate (PC) and its 
hydrolyzates with Neutrase® (PCH-Neutrase®), Flavourzyme® (PCH- Flavourzyme®), and 
Alcalase® (PCH- Alcalase®) for (    ) 15, (    ) 30, (    ) 60, and (    ) 120 min. 
 
scavenger activity of the hydrolyzates was increasing progressively 
with incubation time from ORAC values to 1.88 to 2.51 mol 
Trolox equivs/mg of protein at 15 and 120 min, respectively. The 
efficiency of Alcalase® to produce antioxidant peptides has been 
associated with its broad specificity and its preferential breakdown 
of hydrophobic amino acids (HAA) that act as hydrogen donors [2]. 
A number of works have reported the ability of this enzyme to 
release antioxidant peptides from other food protein sources such as 
canola meal [13], and common bean (Phaseolus vulgaris) protein 
[31], although the ORAC values reported for those hydrolyzates 
(2.20 mol Trolox equivs/mg of protein and 0.33 mol Trolox 
equivs/mg of protein, respectively) were lower than that 
demonstrated in the present study.  
 
The antioxidant activity of PCHs was also measured by the ABTS 
assay. This assay quantifies the suppressive capacity of an 
antioxidant against the radical ABTS•+. When added to medium 
containing ABTS•+, the peptide fractions very probably act as 
electron donors, transforming this radical cation into the non-radical 
ABTS. As previously observed with the ORAC assay, proteolysis 
of pajuro protein increased ABTS•+ radical scavenging activity 
between 40 and 650%, compared with non-hydrolyzed protein 
(Figure 3B). PCHs-Flavourzyme® showed low TEAC values, 
without differences between incubation times. However, time-
dependent effects were observed for PCHs by the action of 
Neutrase® and Alcalase®, with TEAC values ranged from 0.45 to 
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0.67 mol Trolox equivs/mg of protein, and from 0.35 to 0.91 mol 
Trolox equivs/mg of protein, respectively. Similar results were 
obtained by García-Mora et al. [32] for pinto bean protein 
hydrolyzates with Alcalase®, and by Segura-Campos et al. [26] for 
ultrafiltered fractions obtained from cowpea (Vigna unguiculata) 
protein hydrolyzates using the same enzyme. 
 
The difference in radical scavenging activities among hydrolyzates 
may be attributed to the amino acid compositions, molecular 
distribution, and peptide sequences and structures [3]. PCHs-
Alcalase® at 120 min was selected for further characterization. First, 
its amino acid composition was analyzed (Table 2), observing an 
increase in the TAA (79.1 g/100 g of protein) when compared with 
the protein concentrate (50.5 g/100 g of protein).  
 
Table 2: Amino acid composition (g/100 g of protein) of Erythrina edulis protein 
concentrate hydrolyzed with Alcalase® and the derived 3 kDa-fraction 
 
Amino acid Content (g/100 g protein) Protein hydrolyzate 3 kDa-fraction 
Essential   
Lys 4.7 ± 0.1 5.7 ± 0.4 
Trp n.d. n.d. 
Phe 3.8 ± 0.1 4.6 ± 0.2 
Tyr 3.6 ± 0.03 4.9 ± 0.1 
Met 0.9 ± 0.03 1.1 ± 0.1 
Cys 1.1 ± 0.04 0.6 ± 0.02 
Thr 2.7 ± 0.01 3.3 ± 0.2 
Leu 7.0 ± 0.1 9.3 ± 0.6 
Ile 2.3 ± 0.04 2.0 ± 0.2 
Val 3.1 ± 0.1 3.3 ± 0.2 
Non essential   
Aspa 11.0 ± 0.1 10.1 ± 0.8 
Glub 16.2 ± 0.3 11.6 ± 1.1 
Ser 5.2 ± 0.04 7.5 ± 0.5 
His 2.0 ± 0.03 2.7 ± 0.2 
Arg 3.5 ± 0.04 4.6 ± 0.4 
Ala 3.4 ± 0.1 4.6 ± 0.3 
Pro 4.4 ± 0.02 4.3 ± 0.1 
Gly 4.1 ± 0.1 4.9 ± 0.3 
HAA 29.6 34.7 
AAA 7.4 9.5 
 
n.d. not determined; aAsp + Asn; bGlu + Gln. HAA: hydrophobic amino acids (Ala, Val, Ile, 
Leu, Tyr, Phe, Trp, Met, Prol, and Cys). AAA: aromatic amino acids (Phe, Trp, and Tyr). Data 
are the mean of two determinations. 
 
Both protein concentrate and PCHs showed Glu + Gln, Asp + Asn, 
Leu, and Ser as the most predominant amino acids. They have also 
been reported to be predominant in Alcalase® hydrolyzates derived 
from African yam (Sphenostylis stenocarpa) bean seed [33]. The 
amino acid composition of the PCH was different from that of 
protein concentrate with higher concentration of all analyzed amino 
acids.  The increased percentage ranged from 19 to 146% with an 
increase rate for Met (146%), Tyr (121%), Asp + Asn (110%), and 
Gly (101%). The composition of the amino acids in protein 
hydrolyzates has been shown to play an important role with respect 
to their antioxidant activities [17]. HAA act as an antioxidant by 
increasing the solubility of peptides in lipids and therefore, 
facilitating better interaction with the free radicals that cause 
oxidative damage [34]. Moreover, some amino acids with aromatic 
or bulky side groups have been demonstrated to contribute to the 
strong radical scavenging activity of peptides. The side groups of 
Hys (imidazole), Trp (indolic) and Tyr (phenolic) are determinant 
for the hydrogen donating ability of these amino acids. Aromatic 
amino acids (AAA) have the capacity to donate protons to electron 
deficient radicals while at the same time maintaining their stability 
via resonance structures. The HAA and AAA contents in the PCH 
(29.6% for HAA and 7.4% for AAA) were found to be 2-fold 
higher when compared with those in the protein concentrate (15.7% 
for HAA and 3.6% for AAA). Therefore, the antioxidant activity of 
the PCH-Alcalase® seemed to be caused by these amino acids in the 
contained peptides.  
 
In order to study the contribution of the molecular weight to the 
antioxidant  activity  of  peptides contained in the PCH-Alcalase®, it  
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Figure 4: Antioxidant activity (     ) ORAC and (   ) ABTS•+ radical scavenging activity 
(expressed as mol Trolox equivs/mg of protein) of fractions (UF1) higher than 10 
kDa, (UF2) 3-10 kDa and (UF-3) lower than 3 kDa, obtained from the Erythrina edulis 
(pajuro) protein hydrolyzate with Alcalase® at 120 min. 
 
was subjected to ultrafiltration to separate three fractions, higher 
than 10 kDa, between 3 and 10 kDa, and lower than 3 kDa peptide 
fractions. The ORAC and ABTS•+ radical scavenging activity of 
these fractions was determined. As shown in Figure 4, the 
antioxidant activity was higher as the fraction molecular weight 
decreased (p < 0.05).  
 
The ORAC value of the fraction containing larger peptides (PCH-
UF1) was 1.69 mol Trolox equivs/mg of protein; this was lower 
than that shown by the PCH (2.51 mol Trolox equivs/mg of 
protein). However, fractions containing peptides between 3-10 kDa 
(PCH-UF2) and lower than 3 kDa (PCH-UF3) showed higher 
ORAC values of 3.04 and 6.31 mol Trolox equivs/mg of protein, 
respectively. A similar trend was observed for ABTS•+ radical 
scavenging activity. The TEAC value of PCH-UF1 was lower (0.71 
mol Trolox equivs/mg of protein) when compared with full PCH 
(0.91 mol Trolox equivs/mg of protein). However, low molecular 
weight peptides contained in PCH-UF2 and PCH-UF3 showed high 
TEAC values of 1.37 and 3.47 mol Trolox equivs/mg of protein. 
These results suggest that short peptides are responsible for the 
antioxidant capacity of E. edulis hydrolyzate with Alcalase®. 
Similar behavior was reported for hydrolyzates derived from canola 
meal and rapeseed protein, in which fractionation to small peptides 
resulted in an increase of antioxidant activity [13, 30]. This 
behavior may be due to the enhanced accessibility of small peptides 
to the redox reaction system, or the degree of freedom of the critical 
amino acid residues which may be responsible for the antioxidant 
action [35]. Thus, the small peptide size in conjunction with higher 
content of HAA and AAA in the PCH-UF3 (34.7% and 9.5%, 
respectively; Table 2) compared with PCH might have contributed 
to its most potent radical scavenging activity. 
 
This work has shown, for the first time, the potential of E. edulis as 
a source of antioxidant peptides after in vitro action of microbial 
enzymes. Peptides with stronger radical scavenging activity were 
produced by hydrolysis with Alcalase®. The fraction containing 
short peptides (lower than 3 kDa) had the highest ORAC and 
ABTS•+ radical scavenging activity. The small size of peptides and 
the high content of HAA and AAA could be responsible for the 
observed effects. Thus, peptides might have a high value in the 
formulation of functional foods for health promotion of prevention 
of free radical-induced chronic diseases. They can also be used as 
antioxidant agents in the food industry to prevent lipid-containing 
food deterioration resulting from oxidation reactions. Further 
research is needed to isolate and identify the peptides responsible 
for the antioxidant activity of PCH, which will allow a better 
understanding of the peptide structure-functionality relationship. 
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Experimental 
 
Materials: E. edulis seeds were collected in Otuzco (La Libertad, 
Peru) in 2013. They were cleaned to remove foreign material, 
peeled and cut into small pieces that were dry at 40ºC until reaching 
a constant weight. Dried seeds were ground to powder in a domestic 
mill, and sieved using mesh number 60 to obtain a homogenous 
flour sample. Neutrase® 0.8 from Bacillus amyloliquefaciens, 
Flavourzyme® 500 L from Aspergillus oryzae, and Alcalase® 2.4 L 
from Bacillus licheniformis were purchased from Novozymes 
(Bagsvaerd, Denmark). Ortho-phthalaldehyde (OPA) and vitamin C 
were from Merck Millipore Corp. (Darmstadt, Germany). Bovine 
serum albumin (BSA), ABTS, Trolox, fluorescein disodium (FL), 
and AAPH were obtained from Sigma Chemicals (St. Louis, MO, 
USA). All other reagents were of analytical grade.  
 
Proximate composition of E. edulis flour: Proximate composition 
of E. edulis (pajuro) flour was determined following the AOAC 
methods for moisture (934.01), fat (930.09), ash (930.05), crude 
fiber (934.10), and protein (978.04). Protein was calculated as 
nitrogen × 6.25 and nitrogen-free extract was estimated as the 
difference. 
 
Preparation of seed protein concentrate: This was obtained 
according to Betancur et al. [36], with slight modifications. A 
suspension of pajuro flour in distilled water (1:6, w/v, pH 11.0) was 
stirred for 1 h at 4°C, and homogenized using a conventional 
blender for 3 min. The suspension was then filtered through 80- and 
100-mesh screens to eliminate fiber, and then the solids on the 
screen were washed using distilled water (1:3, w/v). Starch was 
eliminated by sedimentation, and then, the pH of the supernatant 
was adjusted to pH 4.5 with 1 M HCl and centrifuged at 1,317 x g 
for 20 min at 4°C to recover proteins that were freeze-dried and 
stored at -20°C. Protein content was analyzed by the Kjeldahl 
method. Amino acids of flour, protein concentrate and PCH-
Alcalase® were analyzed in duplicate by cation exchange 
chromatography using a Biochrom 30 series Amino Acid Analyser 
(Biochrom, Cambridge, US) after automatic pre-column 
derivatization of samples with OPA. Detection was performed by 
absorbance at 440 nm. The samples were previously hydrolyzed 
with 6 N HCl for 21 h at 110°C. 
 
Enzymatic hydrolysis of E. edulis protein concentrate: A 4-5% 
(w/v) pajuro protein concentrate suspension in water was subjected 
to hydrolysis using Neutrase®, Flavourzyme®, and Alcalase®. The 
E/S ratio was 0.8 Anson Unit/g of protein for Neutrase®, 50 Leucine 
Aminopeptidase Unit/g of protein for Flavourzyme®, and 0.3 Anson 
Unit/g of protein for Alcalase®. The hydrolysis was carried out at 
50°C and pH 7.0 (Neutrase® or Flavourzyme®), or pH 8.3 
(Alcalase®) for 120 min. Aliquots were withdrawn at 0, 15, 30, 60, 
and 120 min, and the enzymes were inactivated by heating at 100°C 
for 10 min. The hydrolyzates were rapidly cooled and centrifuged at 
10,000 x g for 20 min at 4°C. The supernatants were freeze-dried 
and stored at -20°C. DH was determined following Nielsen et al. 
[37] assay by measuring the free amino groups by reaction with 
OPA. The protein content was determined by the bicinchoninic acid 
method (Pierce, Rockford, IL, USA) using BSA as standard protein.  
 
SDS-PAGE electrophoresis: The protein and peptide profile of 
protein concentrate and PCHs at different times was studied by
SDS-PAGE using 12% acrylamide gels (Merck Millipore Corp.). 
Samples were mixed with suitable volumes of SDS-PAGE sample 
buffer. After heating samples for 3 min in a boiling water bath and 
cooling to room temperature, 10 g of protein was loaded onto gels, 
and run in OmniPage Mini Vertical Systems (Cleaver Scientific, 
Warwickshire, UK) using Tris-glycine-SDS buffer as the running 
buffer. The conditions were set at 200 V constant, and the gels were 
run for 45 min. Sigma MarkerTM wide range (Sigma Chemical) was 
used as molecular weight marker. After electrophoresis, the gels 
were stained with Coomassie Blue for 60 min, destained with a 10% 
acetic acid-10% methanol solution for 12 h, and photographed using 
a digital camera.  
 
Hydrolyzate fractionation by ultrafiltration: The PCH-Alcalase® 
was subjected to ultrafiltration through hydrophilic 3000 Da and 
10000 Da cutoff membranes (Macrosep Advance Centrifugal 
Devices, Pall Corporation, New York, NY, USA). Fractions PCH-
UF1 (>10kDa), PCH-UF2 (3-10 kDa), and PCH-UF3 (<3kDa) were 
obtained, freeze-dried and stored at -20° C for further analyses. 
 
Antioxidant activity: The oxygen radical absorbance capacity 
(ORAC) assay was based on that proposed by Hernández-Ledesma 
et al. [38], with some modifications. Briefly, the reaction was 
carried out at 37°C in 75 mM phosphate buffer (pH 7.4) and the 
final assay mixture (200 L) contained FL (30 nM), AAPH (12 
mM), and either antioxidant [Trolox (0-5 nM) or sample (at 
different concentrations)]. The fluorescence was recorded every 2 
min for 120 min in an Infinite M200 Pro plate reader (Tecan Group 
AG, Männendorf, Switzerland) at 485 and 520 nm of excitation and 
emission, respectively. The equipment was controlled by Icontrol 
software version (1.11.10) for fluorescence measurement. ORAC 
values were expressed as mol Trolox equivalent/mg of protein. 
 
The ABTS·+ scavenging activity was measured following the 
improved ABTS·+ method described by Re et al. [39]. After 
addition of 980 µL of diluted ABTS·+ solution to 20 μL of either 
sample or standard (Trolox) in PBS, the absorbance at 734 nm was 
recorded after 7 min. To calculate the Trolox equivalent antioxidant 
capacity (TEAC), the gradient of the plot of the percentage 
inhibition of absorbance versus sample or protein concentration was 
divided by the gradient of the plot for Trolox. TEAC values were 
expressed as mol Trolox equivalent/mg of protein. 
 
Statistical analysis: All data were analyzed in 3 independent 
experiments, and results expressed as the mean ± standard deviation 
(SD). Data were analyzed using an one-way analysis of variance 
(ANOVA) followed by a Student-Newman-Keuls test. All analyses 
were run with the Sigma Plot 11.0 (Systad Software Inc.). Statistical 
significance was defined as p < 0.05. 
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